We investigate the effect of hydrostatic pressure on temperature dependence of magnetization and also the influence of magnetic field on linear thermal expansion in polycrystalline Pr 0.6 Sr 0.4 MnO 3 , which is ferromagnetic at room temperature (T C = 305 K) but its magnetization undergoes an abrupt decrease at T S = 89 K within the ferromagnetic state. Normal and inverse magnetocaloric effects around T C and T S , respectively, were reported earlier in this single phase compound [D. V. M. Repaka et al., J. Appl. Phys. 112, 123915 (2012)]. The thermal expansion shows an abrupt decrease at T S in zero magnetic field but it transforms into an abrupt increase at the same temperature under 7 T, which we interpret as the consequence of magnetic fieldinduced structural transition from a low-volume monoclinic (I2/a symmetry) to a high volume orthorhombic (Pnma symmetry) phase in corroboration with a published neutron diffraction study in zero magnetic field. While the external magnetic field does not change T S , application of a hydrostatic pressure of P = 1.16 GPa shifts the magnetic anomaly at T S towards high temperature. The pressure induced shift of the low-temperature anomaly (∆T S = 27 K) is nine-1 Author for correspondence (E-mail: Phyrm@nus.edu.sg) 2 times more than that of the ferromagnetic Curie temperature (∆T C = 3K). Our results suggest that while hydrostatic pressure stabilizes the low temperature monoclinic phase at the expense of orthorhombic phase, magnetic field has an opposite effect.
Introduction
The perovskite manganite Pr 0.6 Sr 0.4 MnO 3 is a room temperature ferromagnet (T C = 305 K) exhibiting remarkable magnetocaloric, magnetothermoelectric, magnetoresistance, and magnetoimpedance effects around room temperature and thus has potential for applications. 1 An unusual property of this compound is that the temperature dependence of field-cooled magnetization M(T) under low magnetic fields decreases abruptly at T S = 89 K upon cooling, much below the ferromagnetic transition and the anomaly vanishes as the magnetic field increases to more than 1 Tesla. 1 A consequence of this low-temperature magnetic anomaly is the inverse magnetocaloric effect (MCE) in which magnetic entropy change is positive (∆S m = S m (H)-S m (H=0)) in presence of external magnetic fields, which is contrary to negative ∆S m (normal MCE) usually encountered in ferromagnets and paramagnets. The coexistence of both normal and inverse MCE in a single phase material is not very common and it is interesting because magnetic cooling can be achieved by adiabatic demagnetization as well as adiabatic magnetization processes in different temperature regimes, which will enable extension of the working temperature range for magnetic refrigeration. Inverse MCE has been reported in some ferromagnetic Heusler alloys undergoing shear driven austentite-martensite transition, where the magnitude of inverse MCE dominates over that of the normal MCE. 2 Interestingly, the abrupt decrease of magnetization within the ferromagnetic state of Pr 0.6 Sr 0.4 MnO 3 sample is not due to onset of antiferromagnetic transition but caused by a structural change from orthorhombic (Pnma space group ) to monoclinic (I2/a space group ) phase as revealed by a neutron diffraction work on the same composition reported several years ago. 3 Heat capacity also 4 showed an anomaly at this temperature 4 , however, electrical resistivity did not register any anomaly. interesting. In addition to investigating the pressure dependence of magnetization, we also report thermal expansion without and with a magnetic field in this compound for the first time. Our results show that effects of external magnetic field and hydrostatic pressure on structural phase transition are different in this material.
and the external pressure was found to enhance T C in contrast to the suppression of T C reported in x = 0.5. thermal expansion of the sample was measured using a miniature dilatometer probe attached to the PPMS. Four probe electrical resistance of the sample was also measured in PPMS. The dc resistivity ρ(T) in zero magnetic field shows a peak at T C and no anomaly is detected in ρ(T) around T S (see fig. 2(c) ).
Experimental details

Results
In the presence of 7 T magnetic field, resistivity peak shifts to 325 K and the magnitude of resistivity decreases in the entire temperature range measured. shows a weak λ-like anomaly around T C , it is masked by a dominant positive peak that appears at T S. In the presence of 7 T magnetic field, a prominent dip occurs in α(T) at T S . Since the peak and the dip occurs at the same temperature, T S is not shifted by the application of magnetic field. Oe under the application of 1.16 GPa pressure. 
Discussion
The results presented above indicate that the application of hydrostatic pressure affects both the ferromagnetic Curie temperature and the low temperature magnetic anomaly. The shift of T S is higher than T C itself under hydrostatic pressure. In contrast to the influence of hydrostatic pressure, the low-temperature magnetic anomaly is not shifted by the application of magnetic field. Thermal expansion shows a pronounced anomaly at T S even at the highest magnetic field reported 73% VF of I2/a phase at 10 K. Hence, it seems that the ratio of these two phases below T S is dependent on sample synthesis conditions which can introduce a slight non-stoichiometry.
The observed behavior of thermal expansion in non zero magnetic fields may be an indication of a volume change rather than change in length alone. To measure magnetovolume change, magnetostriction parallel and perpendicular the magnetic field directions need to be measured, however, it is not possible to measure magnetostriction perpendicular to the magnetic field direction in our capacitance dilatometer set up. We suppose that the abrupt contraction of length at T S implies a sudden decrease in the unit cell volume at T S because the low-temperature structural transition is first order as indicated by previous works. The low-temperature monoclinic phase has lower volume than the high-temperature orthorhombic phase. Since both these phases are ferromagnetic, the decrease of magnetization at T S is possibly caused by a change in the direction of easy axis during the structural transition. According to Ritter et al., 
